The capability of L-band radar backscatter to penetrate through the forest canopy is useful for mapping the forest structure, including above ground biomass (AGB) estimation. Recent studies confirmed that the empirical AGB models generated from the L-band radar backscatter can provide favourable estimation results, especially if the data has dual-polarization configuration. Using dual polarimetry SAR data the backscatter signal is more sensitive to forest biomass and forest structure because of tree trunk scattering, thus showing better discriminations of different forest successional stages. These SAR approaches, however, need to be further studied for the application in tropical peatlands ecosystem We aims at estimating forest carbon stocks and stand biophysical properties using combination of multi-temporal and multi-polarizations (quad-polarimetric) L-band SAR data and focuses on tropical peat swamp forest over Kampar Peninsula at Riau Province, Sumatra, Indonesia which is one of the most peat abundant region in the country. Applying radar backscattering (Sigma nought) to model the biomass we found that co-polarizations (HH and VV) band are more sensitive than cross-polarization channels (HV and VH). Individual HH polarization channel from April 2010 explained > 86% of AGB. Whereas VV polarization showed strong correlation coefficients with LAI, tree height, tree diameter and basal area. Surprisingly, polarimetric anisotropy feature from April 2007 SAR data show relatively high correlations with almost all forest biophysical parameters. Polarimetric anisotropy, which explains the ratio between the second and the first dominant scattering mechanism from a target has reduced at some extent the randomness of scattering mechanism, thus improve the predictability of this particular feature in estimating the forest properties. These results may be influenced by local seasonal variations of the forest as well as moisture, but available quad-pol SAR data were unable to show these patterns, since all the SAR data were acquired during the rainy season. The results of multi-regression analysis in predicting above ground biomass shows that ALOS PALSAR data acquired in 2010 has outperformed other time series data. This is probably due to the fact that land cover change in the area from 2007 -2009 was highly dynamic, converting natural forests into rubber and Acacia plantations, thus SAR data of 2010 which was acquired in between of two field campaigns has provided significant results (F = 40.7, P < 0.005). In general, we found that polarimetric features have improved the models performance in estimating AGB. Surprising results come from single HH polarization band from April 2010 that has a strong correlation with AGB (r = 0.863). Also, HH polarization band of 2009 SAR image resulted in a moderate correlation with AGB (r = 0.440).
INTRODUCTION
In the context of reducing emissions from deforestation and forest degradation, provision of reliable forest carbon stocks information is urgently needed to help reducing anthropogenic greenhouse gas emissions. Total amount of global emissions from deforestation and forest degradation, and peatland fires is determined to be about 15% of global anthropogenic CO2 emissions from 1997 to 2007 (van der Werf et al., 2009) . Tropical forests cover approximately 15% of the Earth's land surface (Wijaya et al., 2010) and contain up to 40% of the terrestrial carbon (Page et al., 2002) . One type of tropical forest ecosystem is the peat swamp or peatland forest. Peatland ecosystem has an important role as carbon sink that stores huge amounts of carbon. Within the context of global climate change, there has been an increased interest in tropical peatlands because of their importance as carbon stores and their role in carbon fluxes (Jaenicke et al., 2008; Page et al., 2002; Rieley and Page, 2005) . Although peatlands cover only 3% of the Earth's land surface, they contain as much carbon as all terrestrial biomass, twice as much as all global forest biomass, and about the same that can be found in the atmosphere. Peatlands store carbon for thousands of years and play critical role in biodiversity conservation and hydrological regulation (van Beukering et al., 2008) .
Application of microwave remote sensing for biomass estimation allows for the provision of additional information to supplement ground measurements, since they are usually insensitive to the cloud-free daylight conditions required for image acquisition with other platforms, like Landsat. The application of SAR data for mapping of tropical forest properties has been widely applied (Fransson and Israelsson, 1999; Hajnsek et al., 2005; Isola and Cloude, 2001; Kuplich et al., 2005; Luckman et al., 1996) , but few studies found applying this data in tropical peatlands. Besides, empirical models of microwave instrument data are known to be very sensitive to the density, shape, length, dielectric properties, and orientation of the scatterers (Kingsley and Quegan, 1992) . The X-band (2.4 -3.75 cm) SAR data is useful for terrain mapping and for discriminating the top canopy of vegetated lands. Some studies have shown that the utility of single polarization C-band data (3.75 -7.5 cm) may bring some limitations for distinguishing biomass in regenerating forests and deforested areas, because the radar backscatter becomes insensitive especially if the soil is dry and the influence of water is minimized (Saatchi et al., 1997) . In contrast, L-band SAR data (15 -30 cm) showed good ability for modeling the forest parameters under dense vegetation (Luckman et al., 1997; Rauste, 2005) . The capability of L-band radar backscatter to penetrate through the forest canopy makes this data useful for mapping the forest structure, including above ground biomass (AGB) estimation (Luckman et al., 1997) . Recent studies confirmed that the empirical AGB models generated from the L-band radar backscatter can provide favourable estimation results, especially if the data has dualpolarization configuration. Using dual polarimetry SAR data the backscatter signal is more sensitive to forest biomass and forest structure because of tree trunk scattering, thus showing better discriminations of different forest successional stages (Ranson et al., 1997; Saatchi et al., 1997) . This study aims at estimating forest carbon stocks and some stand biophysical properties using combination of multi-temporal and multi-polarizations (quad-polarimetric) L-band SAR data.
DATA AND METHODS

Title
This work focuses on tropical peat swamp forest over Kampar Peninsula at Riau Province, Sumatra, Indonesia (Figure 1) . The Kampar Peninsular forest represents the second largest tropical peatland in Indonesia after Central Kalimantan Province. Peatland conversion into Acacia crassicarpa plantation for pulp and paper industries and excessive expansion of oil palm plantation are the major threats for this particular ecosystem. During the last decade, deforestation in the Riau Province is among the highest in the whole country, as a trade off of accelerating local economic growth. In this study, 83 sampling plot data (red circle in SAR image pre-processing steps include image co-registration, and radiometric calibration and normalizations, image geocoding and multi-temporal speckle filtering applying Enhanced Lee algorithm. Using covariance matrices, polarimetric SAR features were calculated, namely polarimetric alpha angle, entropy and anisotropy. Attempts to estimate carbon stocks applied mono-temporal and multi-temporal approaches (e.g HHt1 vs HHt2, etc), also combining different polarizations (e.g HHt1+HVt1+VHt1+VVt1 vs HHt2+HVt2+VHt2+VVt2). Polarimetric SAR features are used as additional predictors of AGB to study their effectiveness on the model's performance. 
RESULTS AND DISCUSSION
Field data
Various parameters, namely diameter at breast height (DBH), basal area, tree height, canopy coverage and leaf area index (LAI) have been measured. Furthermore, allometric equations were applied to estimate tree volume and biomass, hence converted into carbon stocks. The sample plots were measured over peat swamp forest, pioneer species (Macaranga sp.), mangrove forest, plantation forest (A. crassicarpa sp.) and rubber (Hevea brasilensis) plantation (Table 1) . Sampling plots showing the properties of peat swamp forests (PSF) and successional plantation forests (PF) explain the increasing of stand volume, biomass, carbon stocks and LAI following forest regenerations stages (from PF1 to PF3, and PSF) (Figure 2) . 
SAR data analysis
Applying radar backscattering (Sigma nought) to model the biomass we found that co-polarizations (HH and VV) band are more sensitive than cross-polarization channels (HV and VH). Individual HH polarization channel from April 2010 explained > 86% of AGB. Whereas VV polarization showed strong
The The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-7/W3, 2015 36th International Symposium on Remote Sensing of Environment, 11-15 May 2015, Berlin, Germany correlation coefficients with LAI, tree height, tree diameter and basal area. Surprisingly, polarimetric anisotropy feature from April 2007 SAR data show relatively high correlations with almost all forest biophysical parameters. Polarimetric anisotropy, which explains the ratio between the second and the first dominant scattering mechanism from a target has reduced at some extent the randomness of scattering mechanism, thus improve the predictability of this particular feature in estimating the forest properties. These results may be influenced by local seasonal variations of the forest as well as moisture, but available quad-pol SAR data were unable to show these patterns, since all the SAR data were acquired during the rainy season (Figure 3) . Also, the study area is a non-seasonal zone, with little precipitation variations between dry and rainy season, which may cause minimum local climate variations.
Regression analysis results
The results of multi-regression analysis in predicting above ground biomass shows that ALOS PALSAR data acquired in 2010 has outperformed other time series data. This is probably due to the fact that land cover change in the area from 2007 -2009 was highly dynamic, converting natural forests into rubber and Acacia plantations, thus SAR data of 2010 which was acquired in between of two field campaigns has provided significant results (F = 40.7, P < 0.005). In general, we found that polarimetric features have improved the models performance in estimating AGB. Surprising results come from single HH polarization band from April 2010 that has a strong correlation with AGB (r = 0.863). Also, HH polarization band of 2009 SAR image resulted in a moderate correlation with AGB (r = 0.440). The VV polarization of SAR data from 2010, on the other hand, may be used to explain forest parameters in general, given its moderate predictive capability to majority of forest parameters (r > 0.40) considered in this research.
Main issues of multi-temporal SAR-biomass modelling, as well as the use of single SAR data is due to high precipitation and high soil moisture conditions. In this study, performance of time series SAR data to estimate AGB is mostly effected by rapid conversion of natural forests into Acacia crassicarpa sp., Eucalyptus sp. and oil palm plantations. Insensitivity of SAR data acquired in April 2007 to properly predict AGB is mainly because of such forest land conversion.
CONCLUSION
This paper tested the predictive ability of multi-temporal SAR data to estimate above ground biomass over tropical peat swamp forests in SE Asia. The co-polarization bands (HH and VV) in general are better than cross-polarization data (HV and VH) to predict biomass and other tree parameters (i.e. LAI, tree height, diameter and basal area). Addition of polarimetric SAR features, e.g. alpha angle, entropy and anisotropy has improved model's predictability, thus improve the accuracy of biomass estimate and reduce bias.
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